The one year of air quality monitoring data collected at the Ash Meadows National Wildlife Refuge (NWR) was the final part of the air quality "Scoping Studies" for the Environmental Monitoring Systems Initiative (EMSI) in southern and central Nevada. The objective of monitoring at Ash Meadows was to examine aerosol and meteorological data, seasonal trends in aerosol and meteorological parameters as well as to examine evidence for long distance transport of some constituents.
INTRODUCTION
The one year of air quality monitoring data collected at the Ash Meadows National Wildlife Refuge (NWR) was the final part of the air quality "Scoping Studies" for the Environmental Monitoring Systems Initiative in southern and central Nevada. Results of six to nine week monitoring campaigns were previously published from eight sites in Nye and Lincoln counties, including an earlier collection phase at Ash Meadows NWR [Engelbrecht et al. 2007a] ; Beatty [Engelbrecht et al. 2007b] , Rachel [Engelbrecht et al. 2007c ], Sarcobatus Flat [Engelbrecht et al. 2007d] , Caliente [Engelbrecht et al. 2008a ], Crater Flat [Engelbrecht et al. 2008b ] Pahranagat NWR [Engelbrecht et al. 2008c] and Tonopah [Engelbrecht et al. 2008d] . In addition, unpublished data were collected from Lower Forty Mile Wash on the Nevada National Security Site. The objectives of monitoring at Ash Meadows were to examine aerosol and meteorological data, seasonal trends, as well as to examine evidence for long-distance transport of some constituents. Located in the northern Mojave Desert, Ash Meadows NWR is a wetland complex created by a series of faults that force groundwater from the Death Valley Regional Flow System to the surface (Belcher, 2004) . Based on a 10 year record from the a meteorological monitoring station in Amargosa Valley, the area average annual precipitation is 95 mm (3.74 inches), with the highest monthly averages occurring in January and February (Shafer and Hartwell, 2011) . The warmest month is July with an average daily maximum temperature of 40.2 o C (104.3 °F). December, on average, is the coolest month, with average lows being just above freezing (0.2 o C or 32.3 °F). The 9,307 hectare refuge supports more than 50 springs and 24 endemic species, including the only population of the federally listed endangered Devil's Hole pupfish (Cyprinodon diabolis) (U.S. Fish and Wildlife Service, 1990) . Ash Meadows NWR is designated a Class II air quality area, and particulate matter (PM) levels are compared to those at Interagency Monitoring of Protected Visual Environments (IMPROVE) (http://vista.cira.colostate.edu/IMPROVE/Overview/Overview.htm) sites in the region. Monitoring was performed at two sites on the refuge, first for about eight months at an abandoned farmhouse [Engelbrecht et al. 2007a] , and then for the remaining four months at the Ash Meadows NWR administrative complex (Table 1, Figure 2 ), 5.4 km northwest of the first site. 
EQUIPMENT

Mobile Shelter
The equipment in the instrumented mobile shelter (Figure 3 ) was normally powered off 120V AC, and where not available, off 12V DC batteries that are charged by solar panels. A retractable tower was mounted with an array of meteorological equipment, including precipitation, temperature, and solar radiation monitors. Instruments housed inside the trailer included rack mounted continuous aerosol monitors was equipped with a data logger and a satellite communicat logged and transmitted via a Geostationary Operational Environmental Satellite (GOES) to the Western Regional Climate Center (WRCC) at DRI in Reno. equipment in the instrumented mobile shelter (Figure 3 ) was normally powered off 120V AC, and where not available, off 12V DC batteries that are charged by solar panels. A retractable tower was mounted with an array of meteorological equipment, including precipitation, temperature, and solar radiation monitors. Instruments housed inside the trailer included rack mounted continuous aerosol monitors and sequential filter samplers. The trailer was equipped with a data logger and a satellite communication system. Continuous data were logged and transmitted via a Geostationary Operational Environmental Satellite (GOES) to the Western Regional Climate Center (WRCC) at DRI in Reno.
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•) and Administrative (■) sampling and monitoring sites at the Ash Meadows National Wildlife Refuge in Amargosa Valley, southwestern equipment in the instrumented mobile shelter (Figure 3 ) was normally powered off 120V AC, and where not available, off 12V DC batteries that are charged by solar panels. A retractable tower was mounted with an array of meteorological equipment, including wind, precipitation, temperature, and solar radiation monitors. Instruments housed inside the trailer and sequential filter samplers. The trailer ion system. Continuous data were logged and transmitted via a Geostationary Operational Environmental Satellite (GOES) to the 
Aerosol Monitors
Two Tapered Element Oscillating Microbalance (TEOM ® ) continuous particulate monitors, one each for PM 10 (particulate matter < 10 µm in aerodynamic diameter) and PM 2.5 (particulate matter < 2.5 µm in aerodynamic diameter) ( Figure 4) Aerosol samples were collected on a US EPA 1-in-12-day sampling schedule. For both PQ100 ® and PQ200 ® samplers, aerosols were collected at a volumetric flow rate of 16.67 liters per minute (l/min). The samplers were set up to operate from internal 12V DC batteries, charged by solar panels or from 120V AC. Sets of PQ100 ® and PQ200 ® samplers collected PM 10 and PM 2.5 aerosol samples, respectively. The Teflon ® membrane filters collected particulate matter for gravimetric analysis, light absorption by densitometry, and elemental analysis by X-ray fluorescence (XRF) spectrometry . Quartz fiber filters were analyzed for water-soluble ions by atomic absorption spectrometry (AA), ion chromatography (IC), and automated colorimetry (AC) , and also for measurement of carbon species by thermal optical reflectance (TOR) [Chow et al. 1993 ]. The flow rates were calibrated against a BGI Tri-Cal ® National Institute of Technology traceable standard.
Meteorological Equipment
The datalogger recorded wind speed and direction, precipitation, temperature, humidity and solar radiation at 15 minute intervals. The power for the meteorological instrumentation on the shelter was from 12V DC batteries, charged by a solar panel.
Data Capture
Continuous data from the air quality and meteorological monitors were stored on a Campbell CR1000 ® data logger. The measurements from the data logger were automatically polled and relayed to the WRCC at DRI in Reno. This occurs every three hours via the GOES satellite communication system. In addition, data stored in the data logger were routinely downloaded onto a laptop computer. A list of the instrumentation is presented in Table 2 . Figure 9. Wind rose shows the predominant wind from the southeast and to a lesser degree from the northwest, for spring 2010. 
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Filter Sampling and Analysis
Fourteen PM 10 and PM 2.5 filter sample sets collected during the year-long sampling campaign were gravimetrically and chemically analyzed (Tables 8 to 12 ).
Gravimetric Results
The The PM 2.5 /PM 10 mass ratios (Table 13 ) increased from 0.24 on 10/28/2009 to 0.66 on 08/29/09, the latter indicating that atmospheric aerosol was dominated by smoke. Table 13 shows a comparison of the seasonal average gravimetric results from Ash Meadows NWR to eight urban sites in southwestern Nevada [Engelbrecht et al. 2011] , the urban Chemical Speciation Network (CSN) and rural IMPROVE sites in the southwestern U.S. The eight rural sites in Nevada include Ash Meadows NWR [Engelbrecht et al. 2007a ], Beatty [Engelbrecht et al. 2007b ], Rachel [Engelbrecht et al. 2007c ], Sarcobatus Flat [Engelbrecht et al. 2007d ], Caliente [Engelbrecht et al. 2008a ], Crater Flat [Engelbrecht et al. 2008b ], Pahranagat NWR [Engelbrecht et al. 2008c] , and Tonopah airport [Engelbrecht et al. 2008d] . The five urban sites are in Las Vegas and Tonopah, Nevada; Los Angeles and Calexico, California; and Phoenix, Arizona, which form part of USEPA's CSN monitoring program. The four rural IMPROVE sites are Domeland Wilderness Area and Joshua Tree National Park (NP) in California, and the Bosque del Apache National Wildlife Refuge (NWR) and Salt Creek Wilderness Area in New Mexico. Figure 10 . PM 10 (gray) and PM 2.5 (black) gravimetric data as measured on Teflon ® filters, collected on a 1-in-12 day schedule, for 14 individual sampling days. Sample labels include the sample numbers, sampling dates, and particulate size cut. There are differences between the average PM 10 gravimetric values measured on the Teflon ® filters (11 µg/m 3 , Table 13 ), compared to the TEOM ® monitor (9 µg/m 3 , Table 3 ). For PM 2.5 , the differences between Teflon ® filters (5 µg/m 3 ), and the TEOM ® monitor (4 µg/m 3 ) are less. These discrepancies between the TEOM ® and Teflon ® filter results are ascribed to differences in the instrumentation and sampling techniques -the TEOM ® sampling chamber and filter stub are heated to 50 o C, resulting in the evaporation of semi-volatiles such as water and organic compounds from the sampled particulate matter on the filter, with a resultant loss in mass.
Filter Chemistry
In the course of this study, Teflon® filters, including field and laboratory blanks were analyzed by Energy Dispersive X-ray Fluorescence Spectrometry (EDXRF) for 40 chemical elements including total sodium (Na), magnesium (Mg), aluminum (Al), silicon (Si), sulfur (S), chlorine (Cl), potassium (K), calcium (Ca), titanium (Ti), vanadium (V), manganese (Mn), iron (Fe), copper (Cu), zinc (Zn), bromine (Br), rubidium (Rb), strontium (Sr), and lead (Pb).
Water extractions were performed on one half of each of the quartz fiber filters, including field and laboratory blanks. Aliquots of the extractions were analyzed by Ion Chromatography (IC) for water soluble anions, sulfate (SO 4 2-), nitrate (NO 3 -), and chloride (Cl - ). An aliquot thereof was analyzed for the ammonium (NH 4 + ) cations by Automated Colorimetry (AC).
Further aliquots of the extractions were analyzed by Atomic Absorption (AA) for water soluble cations including sodium (Na + ), potassium (K + ), calcium (Ca 2+ ), and magnesium (Mg 2+ ).
Punches from the remaining half of each of the quartz fiber filters were analyzed by Thermal Optical Reflectance (TOR) for four fractions of organic carbon (OC) and three fractions of elemental carbon (EC), by the IMPROVE method (http://vista.cira.colostate.edu/IMPROVE /Overview/Overview.htm). Tables 8 to 12 The silicates (Figure 12 ) are a major component in all samples, varying from 23-66% of the sample mass for PM 10 and 10-55% of the sample mass for PM 2.5 , with larger fractions in the three samples collected in October and November 2009. This can be ascribed to airborne mineral dust prevailing during the late fall of 2009. Small amounts of gypsum were found in all samples, together with trace to minor amounts of evaporites such as halite and water soluble sulfates.
Secondary ammonium sulfate and secondary ammonium nitrate, both largely from combustion processes, occur mostly in the PM 2.5 fractions, with the highest concentrations for both these secondary compounds in samples collected during the period May -October, 2009. High concentrations of both elemental carbon (1.2 µg/m 3 ) and organic carbon (8.5 µg/m 3 ) in PM 10 with similar amounts in PM 2.5 were analyzed in the 08/29/09 sample, providing additional evidence of smoke from wildfires in Los Angeles County, California. Figure 12 . Chemical measurements combined as silicate oxides, minor metal oxides, ammonium sulfate, ammonium nitrate, gypsum, halite, sodium sulfate, potassium sulfate, elemental carbon (EC) and organic carbon (OC), for PM 10 and associated PM 2.5 size fractions. Sample labels include the sample numbers, sampling dates, and particulate size cut. 
